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[57] ABSTRACT

A dispersion for the water-in-oil suspension polymeriza-
tion is stabilized by a stabilizer comprising a polymer
having 70 to 99 mole percent of a lipophilic, ethyleni-
cally unsaturated monomer units and 1 to 30 mole per-
cent of ethylenically unsaturated monomer units having
a cationic group.
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DISPERSION STABILIZER FOR WATER-IN-OIL
SUSPENSION POLYMERIZATION

The invention relates to a process for the suspension
polymerization in the water-in-oil system, a dispersion
stabilizer, or a dispersant, and a dispersion for the poly-
merization. It also provides an improvement in the wa-
ter-in-oil suspension polymerization of a water-soluble,
ethylenically unsaturated monomer. The dispersant
comprises a polymer having lipophilic, ethylenically
unsaturated monomer units and ethylenically unsatu-
rated monomer units having a cationic group.

STATEMENT OF PRIOR ARTS

It is known that a water-soluble, ethylenically unsatu-
rated monomer is polymerized in an organic solvent in
the presence of a dispersant to form a polymer thereof
in the form of spherical particles. A solvent to use in the
polymerization is not miscible with water or is partially
miscible with water. The function of the dispersant is to
maintain the monomer to be polymerized in a dispersed
state, to inhibit or reduce the tendency of agglomera-
tion of the polymer particles and to adjust the particle
size.

As a dispersant to use in the water-in-oil suspension
polymerization of a water-soluble, ethylenically unsatu-
rated monomer, there are known nonionic surface ac-
tive agents such as sorbitan esters, e.g., sorbitan mono-
stearate and sorbitan monooleate, ethoxylated fatty acid
amides, and glycerol fatty acid esters. Another type of
the known dispersant includes polymeric compounds
such as a reaction product between maleic anhydride
and an allyl-having resin, a carboxyl group-containing
polymer having a compatibility with an organic solvent,
and a lipophilic cellulose derivative.

When a dispersant of the former type is used, the

polymer is obtained in the form of very fine particles,
and dusting is caused at the separating and drying steps
and handling of the formed polymer is very difficult.
When a dispersant of the latter type is used, the polymer
is obtained in the form of small granules and the above
shown defect is eliminated, but the polymer particles
adhere to the wall of the polymerization vessel and the
stirrer during the polymerization operation and a con-
siderable proportion of the feed monomer is inevitably
lost as the substance adhering to the polymerization
vessel, that cannot be used at all. Under a normal situa-
tion, it is difficult to remove away matters adhering on
a polymerization vessel, which come from the mono-
mer, and therefore the operation required to remove the
adhering matters disturbs the manufacturing of a poly-
mer. ‘
It is a primary object of the present invention to pro-
vide a dispersant in which the above-mentioned defects
of known dispersants heretofore used in the oil suspen-
sion polymerization are overcome.

As the result of our research, it was found that a
polymer comprising as indispensable constituents units
of a lipophilic, ethylenically unsaturated monomer and
units of an ethylenically unsaturated monomer having a
cationic group and a specific chemical structure is valu-
able as the above dispersant. We have now completed
the present invention based on this finding,

The invention provides a process for conducting
polymerization in the water-in-oil system in the pres-
ence of a dispersion stabilizer which comprises a poly-
mer having 70 to 99 mole percent of a lipophilic, ethyl-
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enically unsaturated monomer units and 1 to 30 mole
percent of ethylenically unsaturated monomer units
having a cationic group.

The invention further provides a dispersion for the
water-in-oil suspension polymerization which com-
prises a water-soluble, ethylenically unsaturated mono-
mer, an organic solvent and a dispersion stabilizer com-
prising a polymer having 70 to 99 mole percent of a
lipophilic, ethylenically unsaturated monomer units and
1 to 30 mole percent of ethylenically unsaturated mono-
mer units having a cationic group.

The invention also relates to the above mentioned
dispersant.

As the units of the lipophilic, ethylenically unsatu-
rated monomer, there can be mentioned units of sty-
rene, an alkyl-substituted styrene (the alkyl group hav-

ing 1 to 18 carbon atoms), an alky] ester of (meth)acrylic

acid (the alkyl group having 1 to 18 carbon atoms), a
vinyl alcohol ester of a fatty acid (the fatty acid having
2 to 18 carbon atoms) and an N-alkyl(meth)acrylamide
(the alkyl group having 1 to 18 carbon atoms).

As the units of the ethylenically unsaturated mono-
mer having a cationic group, there can be mentioned
units of cationic group-containing, ethylenically unsatu-
rated monomers represented by the following general
formula:

N
—ﬁ:Rz Yo
R3

wherein Rj, R; and R3, which may be the same or dif-
ferent, each stands for an unsubstituted or substituted
alkyl group having 1 to 18 carbon atoms, or two of R},
Rz and R3 may be bonded to form a heterocyclic ring
such as a pyridyl or imidazoly! group, or a cycloalkyl
group or heterocycloalkyl group together with the
adjacent nitrogen atom, and Y stands for a halogen
atom or an acid residue.

The cationic group-baving, ethylenically unsaturated
monomer units can be introduced into the polymer by a
conventional method such as a co-polymerization and a
chemical modification of a basic polymer. Practical
embodiments are illustrated below.

(a) A monovinylpyridine such as vinylpyridine, 2-
methyl-5-vinylpyridine or 2-ethyl-5-vinylpyridine, a
dialkylamino group-containing styrene such as N,N-
dimethylaminostyrene or N,N-dimethylaminomethyls-
tyrene, a dialkylamino group-containing acrylic or
methacrylic acid ester such as N,N-dimethylaminoethyl
methacrylate, N,N-dimethylaminoethyl acrylate, N,N-
diethylaminoethyl methacrylate, N,N-diethylamino-
ethyl acrylate, N,N-dimethylaminopropyl methacry-
late, N,N-dimethylaminopropyl acrylate, N,N-die-
thylaminopropyl methacrylate and N,N-diethylamino-
propyl acrylate, a dialkylamino group-containing vinyl
ether such as 2-dimethylaminoethyl vinyl ether, or a
dialkylamino group-containing acrylamide or methac-
rylamide such as N-(N',N’-dimethylaminoethyl)metha-
crylamide, N-(N’,N’-dimethylaminoethyl)acrylamide,
N-(N',N'-diethylaminoethyl)methacrylamide, N-
(N',N'-diethylaminoethyl)acrylamide, N-(N’,N’-dime-
thylaminopropyl)methacrylamide, N-(N’,N'-dime-
thylaminopropyl)acrylamide, N-(N’,N'-diethylamino-
propyDmethacrylamide or N-(N’,N'-diethylamino-
propyDacrylamide is copolymerized with a lipophilic,
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ethylenically unsaturated monomer as described above
according to a known process, and the obtained poly-
mer is quaternized by a known quaternizing agent, for
example, an alky] halide (the alkyl group having 1 to 18
carbon atoms and the halogen being selected from
among chlorine, bromine and iodine), a benzyl halide
such as benzyl chloride or benzyl bromide, an alkyl
ester (the alkyl group having 1 to 18 carbon atoms) of
an alkyl- or arylsulfonic acid such as methanesulfonic
acid, benzenesulfonic acid or toluenesulfonic acid, or a
dialkyl sulfate (the alkyl group having 1 to 4 carbon
atoms).

(b) A halomethyl group-containing polymer such as a
copolymer of an ethylenically unsaturated monomer
having a halomethyl group (—CH2X), such as chloro-
methylstyrene, 3-chloro-1-propene, 3-bromo-1-pro-
pene, 2-chloroethyl acrylate, 2-chloroethyl methacry-
late, 2-bromoethyl acrylate, 2-bromoethyl methacry-
late, 3-chloropropyl acrylate, 3-chloropropyl methacry-
late, 3-bromopropyl acrylate, 3-bromopropyl methacry-
late, 4-chloropropyl acrylate, 4-chloropropyl methacry-
late or 2-chloroethyl vinyl ether, with a lipophilic, eth-
ylenically unsaturated monomer as described above, or
a chloromethylation product of polystyrene or a co-
polymer of styrene with other lipophilic, ethylenically
unsaturated monomer is reacted with an aliphatic ter-
tiary amine such as trimethylamine, triethylamine, tri-
propylamine, tributylamine, triamylamine, n-octyldime-
thylamine, n-dodecyldimethylamine or n-tetradecyl-
dimethylamine, or an aromatic amine such as dimethyl-
aniline, diethylaniline or tribenzylamine.

(c) A copolymer of an epoxy group-containing, ethyl-
enically unsaturated monomer such as glycidyl (meth)a-
crylate, vinylphenyl glycidyl ether, vinylphenylethy-
lene oxide or allyl glycidyl ether with a lipophilic, eth-
ylenically unsaturated monomer as described above is
reacted with a secondary amine to open the epoxy ring
. and introduce a tertiary amino group and then quaterni-
zation of the tertiary amino group is carried out in the
same manner as described in item (a) above.

.+ (d) A hydroxyl group-containing polymer such as a

- copolymer of a hydroxyl group-containing, ethyleni-
cally unsaturated monomer such as 2-hydroxyethyl
acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypro-
pyl acrylate, 2-hydroxypropyl methacrylate or N-2-
hydroxyethylacrylamide with a lipophilic, ethylenicalty
unsaturated monomer as described above or a saponifi-
cation product of a copolymer of a lipophilic, ethyleni-
cally unsaturated monomer as described above with a
fatty acid ester of vinyl alcohol is reacted with a cati-
onic agent such as glycidyltrimethylammonium chlo-
ride or 3-chloro-2-hydroxypropyltrimethylammonium
salt. '

(e) A cationic group-containing, ethylenically unsatu-
rated monomer obtained by quaternizing a tertiary
amino group-containing, ethylenically unsaturated
monomer as described in item (a) above with a quater-
nizing agent as described in item (a) above or reacting a
chloromethyl group-containing, ethylenically unsatu-
rated monomer as described in item (b) above with an
aliphatic tertiary amine or aromatic amine as described
in item (b) above is copolymerized with a lipophilic,
ethylenically unsaturated monomer as described above.

In order to form the dispersant of the present inven-
tion, it is necessary to maintain a good hydrophilic-lipo-
philic balance. The kinds and contents of the units of the
lipophilic, ethylenically unsaturated monomer and cati-
onic group-containing, ethylenically unsaturated mono-
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mer used and the molecular weight of the polymer are
appropriately determined according to the kind of the
water-soluble, ethylenically unsaturated monomer to be
polymerized so that the polymerization is adequately
advanced. Ordinarily, there is preferably used a poly-
mer comprising 70 to 99 mole % of the units of the
lipophilic, ethylenically unsaturated monomer and 1 to
30 mole % of the units of the cationic group-containing,
ethylenically unsaturated monomer and having a mo-
lecular weight of 500 to 500,000. If the content of the
cationic group-containing, ethylenically unsaturated
monomer is more than 30 mole percent, compatibility of
the polymer with an organic solvent gets insufficient.
The dispersion stabilization effect is not provided.

In case of a polymer having a molecular weight
lower than 500 or higher than 500,000, no satisfactory
dispersion stabilizing effect can be obtained even if a
good hydrophilic-lipophilic balance is maintained.

In the water-in-oil suspension for polymerization an
amount of the dispersant of the invention is from 0.01 to
20%, preferably 0.05 to 10%, by weight, based on the
total weight of the monomers used for polymerization.
Within the range, a smaller amount is preferable.

As a water-soluble, ethylenically unsaturated mono-
mer to polymerize in the water-in-oil suspension using
the invention dispersant, any monomer to be dissolved
in water at an optional ratio may be employed. For
example, there can be mentioned alkali metal salts, am-
monium salts and amine salts of acrylic acid and meth-
acrylic acid, acrylamide, methacrylamide, water-solu-
ble N-substituted acrylamides and methacrylamides,
vinylimidazole, vinylpyridine, vinylpyrrolidone, and
alkali metal salts of sulfonated styrene and vinylsulfonic
acid. Such a monomer is used in a state dissolved in
water, and ordinarily, an aqueous solution of the mono-
mer having a concentration close to the saturation con-
centration is used.

The dispersant of the present invention is used for
homopolymerization of these monomers or copolymer-
ization of two or more of them.

As the solvent, there can be used aromatic and ali-
phatic non-polar solvents which do not dissolve in wa-
ter. For example, there can be mentioned benzene, tolu-
ene, xylene, heptane, hexane, cyclohexane and petro-
leum ether.

A known polymerization initiator and a known pro-
moter can be used. For example, as the initiator, there
can be mentioned hydrogen peroxide, potassinm persul-
fate, ammonium persulfate, sodium peroxide, t-butyl
hydroperoxide, azobisisobutyronitrile and azobis-2,4-
dimethyl-valeronitrile. As a promoter, there can be
mentioned sodium hydrogensulfite, sodium thiosulfate
and ferrous ammonium sulfate.

The suspension polymerization using the dispersant
of the present invention is carried out in the same man-
ner as in the conventional processes. The polymer of the
present invention can be a good dispersant even if it is
used singly, but other emulsifier or dispersant may be
used in combination with the polymer of the present
invention according to need.

EXAMPLES

The present invention will now be described in detail
with reference to the following examples that by no
means limit the scope of the invention.
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SYNTHESIS EXAMPLE 1

A mixture comprising 10.0 g of a styrene/dime-
thylaminoethyl methacrylate copolymer (having a di-
methylaminoethyl methacrylate content of 7.7 mole % 5
and a number-average molecular weight of 7,800), 5.0 g
of butyl bromide and 50 g of tetrahydrofuran was re-
fluxed for 8 hours. By removing the volatile compo-
nents by distillation under reduced pressure, there was
obtained 11.0 g of a dispersant (1) having a cationic
group

10

CH3
(—II‘IQ—CA-IQBre). 15
CHj3
SYNTHESIS EXAMPLE 2
A mixture comprising 20.0 g of the styrene/dime- 20

thylaminoethyl methacrylate copolymer described in
Synthesis Example 1, 10.0 g of octyl bromide and 50 g
of tetrahydrofuran was refluxed for 10 hours. The reac-
tion mixture was poured into 1,000 g of methanol, and
the precipitated insoluble solid was recovered by filtra-
tion, washed with methanol and dried under reduced
pressure to obtain 15.6 g of a dispersant (2) having a
cationic group

25

CH; 30
(—Il‘l'e—CanBre).
CHj
35

SYNTHESIS EXAMPLE 3

A mixture comprising 100 g of a styrene/-
chloromethylstyrene copolymer (having a chlorometh-
ylstyrene content of 2.0 mole % and a number-average
molecular weight of 10,000), 5.0 g of triethylamine and
50 g of tetrahydrofuran was refluxed for 9 hours. The
post-treatment was conducted in the same manner as
described in Synthesis Example 2 to obtain 8.7 g of a
dispersant (3) having a cationic group

45
CaHs
(—CHy— 691|~1—c2H5c19).
CH
2Hs 50

SYNTHESIS EXAMPLE 4

A mixture comprising 10.0 g of the styrene/-
chloromethylstyrene copolymer described in Synthesis
Example 3, 5.0 g of dimethyloctylamine and 50 g of
tetrahydrofuran was refluxed for 9 hours. The post-
treatment was carried out in the same manner as de-

55

6
scribed in Synthesis Example 2 to obtain 7.0 g of a
dispersant (4) having a cationic group

CHj3
(—CHZ—II‘Ie—CanC]e).
CH3

SYNTHESIS EXAMPLE 5

A mixture comprising 10 g of a benzyl methacrylate/-
dimethylaminoethyl methacrylate copolymer (having a
dimethylaminoethyl methacrylate content of 4.4 mole
% and a number-average molecular weight of 4,300),
5.0 g of octyl bromide and 50 g of tetrahydrofuran was
refluxed for 9 hours, and the post-treatment was carried
out in the same manner as described in Synthesis Exam-
ple 2 to obtain a dispersant (5) having a cationic group

CH;3
(—ON—CgH17Bro).
CH;

EXAMPLE 1

A flask having a capacity of 500 ml was charged with
127.5 g of a 80 wt. % aqueous solution of acrylic acid
and 141.8 g of a 30 wt. % aqueous solution of caustic
soda was dropped under cooling with stirring to neu-
tralize 75 mole % of acrylic acid. Then, a solution of
0.30 g of potassium persulfate in 12.5 g of deionized
water was added.

A 1.1 flask equipped with a stirrer, a reflux condenser
and a dropping funnel, in advance charged with nitro-
gen gas, was provided with 312.5 g of cyclohexane and
1.5 g of the dispersant (1). The mixture was heated
while stirred at a rate of about 350 rpm until the cyclo-
hexane had started to reflux mildly. The above prepared
aqueous solution of the monomer was added dropwise
to the mixture over a periof of 30 minutes from the
dropping funnel. The reaction mixture was then re-
fluxed, while stirred, for more three hours. The reaction
product was filtrated to separate a polymer. The poly-
mer was dried under a reduced pressure. 125 g of a
granular white dried polymer was obtained. The poly-
mer was found to have an average particle size of 250
microns. '

EXAMPLES 2 THROUGH 5

The procedures of Example 1 were repeated in the
same manner except that the dispersants (2) through (5)
described in Synthesis Examples 2 through 5 were used
instead of the dispersant (1) used in Example 1. The
obtained results are shown in Table 1.

TABLE 1
Polymer
dispersant 80% by weight 30% by weight Average
Example amount  aqueous solution  aqueous solution Cyclo- particle
No. No. cationic group (2) of acrylic acid (g) of caustic soda (g) hexane (g) Yield (g) size (um)
2 @ CHj3 1.5 127.5 141.8 3125 124.5 250

—Il\I—CBHnBre

Cg;;
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TABLE 1-continued
Polymer
dispersant 80% by weight 30% by weight Average
Example amount  aqueous solution  agueous solution Cyclo- article
No. No. cationic group (8) of acrylic acid (g) of caustic soda (g) hexane (g) Yield (g) size (upm)
3 3 Ilit 1.5 127.5 141.8 312.5 125.0 255
—Iil—gtCle
Et
4 ()] (|JH3 1.5 127.5 141.8 3125 125.0 260
-'II‘I—ganC]e
CH;3
5 () CH3 1.5 127.5 141.8 312.5 124.4 260
—II‘I—83H17Bre
CH;3

COMPARATIVE EXAMPLE 1

The procedures of Example 1 were repeated in the
same manner except that 1.5 g of the styrene/dime-
thylaminoethyl methacrylate used in Synthesis Exam-
ple 1 was used instead of the dispersant (1) used in Ex-
ample 1. When 60 g of the monomer solution was
dropped, a bulk of the polymer was precipitated and
stirring became impossible. From this result, it is seen
that a high effect can be attained by introduction of a
cationic group.

COMPARATIVE EXAMPLE 2

The procedures of Example 1 were repeated in the
same manner except that 5.0 g of sorbitan monolaurate
was used instead of the dispersant (1) used in Example 1,
whereby 120 g of a granular polymer was obtained. The
average particle size of the obtained polymer was as
small as 50 pm.

COMPARATIVE EXAMPLE 3

The procedures of Example 1 were repeated in the
same manner except that 1.5 g of ethyl cellulose (N-100
supplied by Hercules Co.) was used instead of the dis-
persant (1) used in Example 1, whereby 115.0 g of a
granular polymer was obtained. The average particle
size of the obtained polymer was 50 pm. It was found
that 8.0 g of the polymer adhered to the inner wall of
the flask and the stirring rod, and the amount of the
obtained polymer was smaller than those of Examples 1
through 5.

The embodiments of the invention in which an exclu-
sive privilege or property is claimed are defined as
follows: '

1. A process for preparing a polymer by water-in-oil
suspension polymerization, which comprises:

preparing an oil composition comprised of a water-

insoluble, non-polar, organic solvent and a disper-
sant polymer, said dispersant polymer consisting
esentially of from 70 to 99 mole percent of lipo-
philic, ethylenically unsaturated monomer units
and from 1 to 30 mole percent of ethylenically
unsaturated monomer units having a cationic
group,

separately preparing an aqueous solution of a poly-

merization initiator and at least one water-soluble,
ethylenically unsaturated monomer,

and then mixing said aqueous solution with said oil

composition and maintaining the mixture thereof
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under water-in-oil suspension polymerization con-
ditions effective to polymerize said water-soluble,
ethylenically unsaturated monomer.

2. A process as claimed in claim 1, in which said
dispersant polymer has a number-average molecular
weight of 500 to 500,000.

3. A process as claimed in claim 1, in which said
cationic group has the formula:

Ri
—1|q€B—R2 YS,
R3

in which R1, R2 and R3, being the same as or different
form each other, are each an alkyl group, either unsatu-
rated or saturated, having 1 to 18 carbon atoms, or two
of R1, R2 and R3 form a ring structure together with
the adjacent nitrogen atom; and Y is a halogen atom or
an acid residue.

4. A process as claimed in claim 1, in which said
lipophilic, ethylenically unsaturated monomer units are
units selected from the group consisting of styrene,
alkyl styrene in which the alkyl has from 1 to 18 carbon
atoms, alkyl acrylates and alkyl methacrylates in which
the alkyl has from 1 to 18 carbon atoms, aliphatic esters
of vinyl alcohol in which the ester-forming moiety has
from 2 to 18 carbon atoms, and N-alkyl acrylamides and
N-alkylmethacrylamides in which the alkyl has 1 to 18
carbon atoms.

5. A process as claimed in claim 1, in which said
dispersant polymer is used in an amount of 0.01 to 20
percent by weight based on the total weight of said
water-soluble, ethylenically unsaturated monomer.

6. In a water-in-oil suspension polymerization process
wherein an aqueous solution of at least one water-solu-
ble, ethylenically unsaturated monomer is added to an
oil phase containing a dispersion stabilizer, and said
monomer is polymerized under water-in-oil suspension
polymerization conditions, the improvement which
comprises: said dispersion stabilizer is a polymer con-
sisting essentially of from 70 to 99 mole percent of lipo-
philic, ethylenically unsaturated monomer units and
from 1 to 30 mole percent of ethylenically unsaturated
monomer units having a cationic group.
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7. A process as claimed in claim 1 in which said
water-soluble, ethylenically unsaturated monomer is
selected from the group consisting of the alkali metal,
ammonium and amine salts of acrylic acid and meth-
acrylic acid, acrylamide, methacrylamide, water-solu-
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10
ble N-substituted acrylamides and methacrylamides,
vinylimidazole, vinyl pyridine, vinyl pyrrolidone, alkali
metal salts of sulfonated styrene and vinylsulfonic acid,

and mixtures thereof.
% * * * *



